Introduction

26
In recent years, increases in fuel costs, a focus on reduced car-27 bon footprint and the emergence of new competitors have dri- 28 ven the aerospace industry to take steps towards creating 29 greener, safer and cheaper air transport. 1 The concepts based in the hydraulic domain to EMAs where clutches, 106 brakes, dampers and torque limiters may be required.
107
Virtual prototyping at the system-level therefore 108 becomes a focus, not only to support conceptual design 109 but also to verify control and reconfiguration strategies. effect. This surface is acted on by the aerodynamic forces. documented, and supported and be numerically robust). 
Electric motor (EM)
430
At system-level, the electric motor can be seen as a perfect 431 power transformer in which the torque balance 
where K m is the motor electromagnetic constant (NÁm/A). and load independent components. 16 This model is con- and relative motion, as elasticity does (see Fig. 7 ). (1) using x 0 = 0 models a pure spring effect. force F c has to be bounded: The Bond-Graph model of the PDE is shown in Fig. 8(a) . 838 The basic element is the perfect and modulated power The Bond-Graph model of the EM is presented in Fig. 8(b) . 850 The element GY corresponds to the perfect power transforma- The causal Bond-Graph model of MPT is given in Fig. 8(c) . The block-diagram of the EMA control structure under study 921 is shown in Fig. 9 . The PDE is a four-quadrant three-phase of the torque loop, as seen in Fig. 12(a) to provide a speed sum that corresponds to the 0 junctions 988 in Fig. 8(b) . it has to be borne in mind that, due to nonlinearity, responses 1032 change with pilot versus airload inputs. Fig. 14 The same model excitation is used for comparative analysis of 1044 energy loss and energy consumption (Fig. 15(a) for pursuit and (1) The research presented in this paper is first aimed at 1108 architecting models for the system-level virtual proto-1109 typing of EMAs. Bond-Graphs were used to graphically 
